The study was conducted with the purpose of experimentally developing the method of water purification from ions of cadmium (II) using a new design of a bio-plateau, which is based on the use of terrestrial plants. In order to construct the bio-plateau, the following chemically inert floating materials were used as the substrate: perlite, expanded clay, granular foam, vermiculite, cork, on top of which the seeds of higher terrestrial plants were placed. The experimental data showed that foam was the best of the tested substrates, and of plants -barley, oats, corn and rye. The constructed bio-plateau was placed into tanks with a solution of cadmium on the 9th day of incubation to study the cleaning efficiency of terrestrial plants on the aquatic environment. Determination of the residual concentration of cadmium was performed with the method of AAC at λ=228.8. As a result, it was found that rye showed the best sorption properties of the tested plants. The influence of additional aeration and pH of the medium on the degree of water purification was established. The highest treatment efficiency was observed in the variant of a bio-plateau with aeration and at a pH of 8-9. The study shows the possibility of using terrestrial plants for the phytoremediation of water bodies.
INTRODUCTION
Taking into account the unsatisfactory condition of water objects, the task of their purification from cadmium ions, salts of which are contained in waste water from mining and processing plants, metallurgical, machine-building, metalworking, chemical, chemical-pharmaceutical, paint and varnish, textile, aircraft repair and other plants is urgent [10] .
Traditionally, reagent purification methods have been used for the removal of cadmium from wastewater, the essence of which is to convert the water-soluble substances into insoluble substances when adding various reagents, followed by their separation from water in the form of precipitation [11, 7] . However, wastewater treatment with the use of phytotechnologies has recently become widely used, which allows to improve the state of aquatic ecosystems and significantly reduce the flow of residual concentrations of heavy metals into water bodies [2-4, 9, 15, 11, 14, 17] .
The main idea of the phyto-technologies is to filter wastewater through the thickets of higher aquatic plants and to use a specially selected sand and gravel filter with pre-deposition of suspended particles in the sedimentation tank. On this basis, a new type of surface water purification was developed, based on the use of ecosystem mechanisms, which was called "bio-plateau" in Ukraine, "botanical sites" in Germany, "reed bed" in Great Britain, etc. In the world scientific literature, the most common name for water treatment plants of this type is the term "Constructed Wetlands" or "Artificial Wetlands" [1, 6, 16, 13] .
Previous studies have demonstrated [8] that not only higher aquatic plants are characterized by high accumulation rates, but also terrestrial plants in water culture have the same ability to accumulate toxic substances. The main advantages of this method are low energy consumption, high degree of purification, environmental friendliness and the ability to accumulate various types of pollutants.
The study was conducted with the purpose of the experimentally developing the method of water purification of cadmium (II) ions using a new design of a bio-plateau, which is based on the use of terrestrial plants.
The following tasks were set to achieve this goal: • search for the species of terrestrial plants that can grow under the conditions of high humidity, and have a high ability to sorption of radionuclides; • testing different types of substrates providing high buoyancy and close connection with the root system of plants; 
MATERIAL AND METHODS

Design of the bio-plateau
A variant of floating structure was proposed, the biotic component of which is ground plants, the mechanical strength of which is provided by the root system of plants. The essence of this technology is, firstly, in the use of terrestrial plants and, secondly, in the use of a substrate that is easily disposed of.
A search for terrestrial plants with a high coefficient of accumulation of cadmium was conducted. The ground plants were studied under the conditions of water culture; they showed high ability for heavy metal accumulation. Their ability to accumulate the metal ions from the aquatic environment is of great importance, since the ability to obtain the necessary amount of biomass of terrestrial plants is much higher than the similar ability of aquatic plants, which in turn can significantly improve the efficiency of water purification due to terrestrial plants. This was a prerequisite for the development of technology for cleaning polluted water bodies by using the sorption capacity of the root system of terrestrial plants grown in aquaculture. The use of intact higher ground plants is provided as a biosorption material. The plant material is an element of the biofilter, which is a system that uses the sorption properties of the root system of intact plants.
The seeds of rye seed (Secale), oat (Avena), maize (Zea mays) -the genera of annual herbaceous plants of the family of grasses (Poaceae); barley seed (Hordeum) is one or perennial plants of the family of grasses (Poaceae), meadow fescue (Festuca pratensis), meadow Timothy (Phleum pretense) which is a perennial plant of the family of grasses (Poaceae), flax (Linum usitatissimum) -an annual plant of the flax family (Linaceae); amaranth (Amaranthus) -a genus of herbaceous annual plants in the amaranth family (Amaranthaceae) were used for research.
The second stage in designing a bio-plateau was a search of the substrate for the development and growth of plants. The use of chemically inert floating materials was assumed: perlite, expanded clay, granular foam, vermiculite, cork. These substrates must meet a number of requirements:
• non-toxicity to plants;
• the minimum porosity to minimize the ingrowth of roots into the granules of the substrate; • the ability to provide sufficient air exchange for seeds that germinate, in order to prevent the development of pathogenic microflora; • relatively low cost.
The third stage in the construction of the floating bio-plateau was a combination of various seeds of different species of plants and substrate.
The study of absorptive capacity of bio plateau
The construction of the bio-plateau was carried out according to the following scheme: the cuvettes were used, 21×2.5×2.5 cm in size; the bottom of the cuvette was covered with a layer of foam 1.5 cm thick; a layer of agroperlite (70 cm 3 ) was poured on top; 100 ml of sedimented water was poured into the cuvette; the surface of the substrate was moistened with a spray; seeds were placed on the surface (cm 3 ): rye (25), oat (25) and barley (25) were placed in a thermostat at t = 24°C. After 9 days of germination of seeds, the bio-plateau was placed in desiccators with tap water (V=2.5 l), in which CD(II), C 0 = 1 mg/l were added. The samples of the solution (20 ml) were taken on 6, 14 and 22 days of incubation.
In order to determine the effect of extra aeration on the sorption capacity of the plant, the bioplateau was constructed by means of the standard method with the rye seeds. After 9 days of seed germination, the bio-plateau was placed in desiccators with tap water (V=2.5 l), in which CD(II), C 0 = 1 mg/l were added, and also provided additional round-the-clock aeration with the help of Regent Calm RC-004 pump, with a power of 2.7 W. Samples of the solution (20 ml) were taken on 6, 14 and 22 days of incubation.
Next, six bio-plateaus with the seeds of oats were constructed. On the 9 th day of seed germination, a bio-plateau was placed in desiccators with water (V = 2.5 l), different pH (3-10), which introduced Cd(II), C 0 = 1 mg/l. On the 15 th day of incubation, the samples of the solution (20 ml) were taken.
The degree of transpiration (DT, %) was calculated as follows:
where T 0 , T p -respectively, the volume of water in the initial solution and in the solution after sorption, ml.
Determination of the residual concentration of cadmium was performed with the AAC method [5] at λ = 228.8.
The degree of purification from Cd(II) (DP, %) was calculated as follows:
where C 0 , C p -respectively, the concentration of Cd(II) ions in the initial solution and in the solution after sorption, mg/l.
RESULTS AND DISCUSSION
Studies have shown that in all variants of the combination of foam with crops such as oatmeal, corn, barley, oats, rye and timothy, a high degree of binding of the substrate to the root system and acceptable buoyancy of the bio-plateau were noted. Weak binding of the substrate to the root system was observed when combining vermiculite with oatmeal and vermiculite and amaranth. Both experiences had not provided the necessary buoyancy of the bio-plateau. The variants combining cork with oatmeal and flax showed a weak effect of binding the substrate to the root system, as a result of which the necessary density of the bioplateau was not achieved. When using expanded clay with oatmeal, a weak binding effect of the substrate and the root system was also observed, which is explained by the low buoyancy of the substrate itself.
Thus, the experimental data show that the best of the tested substrates turned out to be foam, and of plants -barley, oats, corn and rye. Figure 1 shows the result of growing corn on a substrate of granular foam. One can see the high density of a conglomerate of roots and foam granules .
In order to study the sorption capacity of plants relative to cadmium ions (Fig. 2) the cultures that Fig. 1 . Binding of the substrate by the corn root system met several criteria were selected: high rates of germination and development of the root system and the highest biomass. The root system of plants of barley, oats and rye firmly bound inert substrate of the bio-plateau.
It was found that on the sixth day of observation, the degree of purification of water from cadmium ions by means of rye plants was 56%, which exceeded the indicators of purification by means of barley and oats -52% and 38%, respectively. On the 22 nd day of incubation of the bio-plateau on the solution, the concentration of cadmium cations decreased to 6%, which was due to the sorption properties of rye. The degree of purification of the aqueous solution with barley and oats differed slightly -and amounted to 90% and 85%, respectively.
Thus, the cultures of rye and barley demonstrated high sorption capacity with respect to cadmium (II) ions, so these plants were used in the following experiments. In order to study the effect of additional aeration on the degree of purification of the incubation environment, rye plants were used (Fig. 3) , whereas barley plants (Fig. 4 ) were employed to investigate the effect of pH.
It is seen that at all stages of observation, additional aeration contributed to more intensive absorption of cadmium (II) ions by rye plants. On the 19th day of incubation of bio-plateau on a solution with cadmium in the purification of water with supplemental aeration was 96%, while without aeration, at 85%.
There was a direct relation between the degree of purification and the degree of transpiration. It was also found that higher purification rates were observed at the pH of 8-9 solution, that is, in the embodiment of the medium with tap water, the pH of which is 8.6. The alkaline environment (within Fig. 3 . The comparative sorption capacity of the bio-plateau without options (1) (2) additional aeration, C 0 (Cd) = 1 mg/l Thus, using the proposed design of bio-plateau will improve the ecological situation of the water techno-ecosystems.
CONCLUSION
A new method of constructing a floating bioplateau was developed, for the purification of the waters polluted with ions of cadmium, in which the terrestrial plants are the biotic component. The search for promising species of terrestrial plants that can grow normally under the conditions of water culture was carried out. It was shown that the best of such plants are: corn, barley, rye and oats. Several types of substrates were tested, as a result of which it was found that the granulated foam is the most optimal when using large-seeded plant species.
Under the conditions of a laboratory experiment using a bio-plateau, a high level of water purification from ions of cadmium (II) was achieved. It was also found that the pH of the environment and additional aeration influenced the purification parameters. The degree of water purification increased with the aeration option, and the acidic and alkaline environment inhibited the absorption of cadmium ions.
From the point of view of the bio-plateau application in real terms, we can say that it is proposed either to entirely withdraw the bio-plateau from the pond, followed by ashing (incineration) or produce periodic mowing of green mass of plants, which is also further subjected to ashing.
